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FLAVOR OF ROQUEFORT CHEESE 


By James N. Currir,! 


es SF Chemist, Dairy Division, Bureau of Animal Industry 


INTRODUCTION 


Every cheese connoisseur is familiar with the peculiar peppery or 
burning effect of well-ripened Roquefort cheese on the organs of taste. 
This effect is so characteristic of this variety of cheese that its quality 
is commonly expressed in terms of its “hotness.” The purpose of this 
investigation was to identify and to explain the occurrence in the cheese 
of any substances which contribute to this particular flavor. 


fa és 
WoRK OF OTHER INVESTIGATORS 


Weigmann (16, p. 187)?, without citing the source of his information, 
says: 

It has long been known that the characteristic rancid, sharp taste of French 
Roquefort, English Stilton, and Italian Gorgonzola cheeses is caused by the green 
Penicillium. ‘his characteristic taste is first observed after the spores and spore 
bearers have formed and has therefore been ascribed to them. 

If a chemical substance which imparts to the cheese this burning 
taste were elaborated in the spores and spore bearers, the mycelium of 
the mold grown upon artificial media should show this taste in a marked 
degree at the spore-bearing stage. No taste, however, can be detected 
at any stage, except a slight bitterness. 

Jensen * concluded that the chief constituent of the aroma of Roque- 
fort cheese was the “very sharp-tasting ethyl butyrate,” but offered no 
data to show that this ester was actually present. He apparently identi- 
fied it only by the odor. 

Esters are so commonly known as the flavoring substances of fruits 
that it is quite natural to ascribe to them a part in the production of 
flavor in other foodstuffs. In fact, Suzuki, Hastings, and Hart (13, p. 


‘> 1 "The writer takes pleasure in acknowledging his indebtedness to Dr. Charles Thom, who has kindly 


* provided him with all the pure cultures of Penicillium roqueforli used in this investigation. 


2 Bibliographic citations in parentheses refer to “ Literature cited,” p. 13-14. 
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456), found small quantities of alcohols and esters in the neutral “ flavor 
solution’’ obtained from Cheddar cheese. 

The neutral flavor solution from 750 grams of a ripe Roquefort cheese 
was studied, using the method outlined by the above-mentioned inves- 
tigators. The acids in ester combination in this large mass of cheese 
totaled only 0.44 decinormal c. c. It is hardly possible to identify 
accurately the acids of a mixture so small in quantity. The propor- 
tional numbers obtained by a Duclaux distillation approximated the con- 
stants for acetic acid. The odor of Roquefort cheese suggests ethyl 
acetate, and this ester may be partially responsible for the typical 
aroma, but it is doubtful whether the quantity is large enough to mate- 
rially influence the taste. 

As early as 1877, Nencki (10, p. 1033), attempted to isolate the sub- 
stance giving to Roquefort cheese its piquant taste. He acidified about 
one pound of cheese with sulphuric acid and distilled it with steam. After 
filtering the distillate he neutralized it with sodium hydroxid and extracted 
it with ether. After evaporation the ether extract left a ‘very volatile, 
slightly yellow-colored oil of sharp burning taste, neutral reaction, and 
characteristic moldy odor.’’ The quantity of this oil was not sufficient 
for identification. 

Repeated attempts with the ripest cheese procurable were made to 
duplicate the results of Nencki. Very small quantities of a gummy white 
mass were obtained, which consisted chiefly of the sodium salts of butyric 
and caproic acids. Although the oil described by Nencki was not found 
by following his procedure, it was observed that globules of an insoluble 
oil floated upon the surface of the distillate. This oil, which Nencki 
apparently filtered off and discarded, was identified as a mixture of the 
volatile and soluble acids of milk fat. The amount of these insoluble 
acids increased with the ripeness of the cheese distilled and appeared to 
be a normal product of the curing process. Since these acids possessed 
a peppery taste and the cheese mass after distillation was almost taste- 
less, a detailed study of their origin and relation to the flavor of the 


cheese was made. 
EXPERIMENTAL METHODS EMPLOYED 


Typical Roquefort cheeses of various stages of ripeness were purchased 
in the retail markets and used in these experiments. In general, the 
method of study outlined by Jensen was followed. 

After scraping off any slime on the surface of the cheese, a wedge-shaped 
section extending from the periphery to the center was cut out, minced, 
and thoroughly mixed. A sample of 50 to 150 grams, depending on the 
ripeness of the cheese, was weighed, rubbed to a smooth cream with warm 
water in a mortar, and rinsed into a 500 c. c. Kjeldahl flask. The sus- 
pension was made up to a volume of 250 c. c. of dilute sulphuric acid 
added in slight excess, as indicated by a blue color with Congo red, and 
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distilled with steam until 1,000 c. c. of distillate passed over. During 
the distillation a small flame was kept under the Kjeldahl flask and regu-~ 
lated so that the volume of the suspension remained nearly constant. 

The fatty acids which separated from the distillate were filtered off, 
dissolved in alcohol, titrated with decinormal barium hydroxid, and 
reported as insoluble acids. 

The filtrate was neutralized with decinormal barium hydroxid and 
evaporated to about 100 c. c. ‘This solution was then partially decom- 
posed with normal sulphuric acid and the liberated acids distilled out. 
The distillate was designated “Fraction I.” The residue was again made 
up to 100 ¢. ¢., partially decomposed with normal sulphuric acid, and 
distilled, giving Fraction II. By repeating this process of partial decom- 
position followed by distillation the soluble acid portion was divided 
into several fractions containing about equivalent quantities of acid. 
The acids of greater molecular weight occur in the first fractions because 
of their weaker chemical affinity and more rapid rate of volatilization. 


A QUALITATIVE STUDY OF THE VOLATILE ACIDS 


The distillate of a well-ripened cheese was divided into five fractions. 
Fraction I consisted of the insoluble acids adhering to the condenser after 
rinsing with cold water. The remainder of the insoluble acids constituted 
Fraction II. The soluble acids were divided into Fractions III, IV, and 
V by the process of partial decomposition of the barium salts with normal 
sulphuric acid followed by distillation, as previously described. 

The barium salts were prepared by titrating with decinormal barium 
hydroxid, dried to constant weight at 120° C., moistened with dilute 
sulphuric acid, ignited, and weighed as barium sulphate. The results 
are detailed in Table I. 


TaBLe I.—The barium salts of the volatile acids of Roquefort cheese. 


Percentage of barium sulphate found from barium salts. 


Fraction Decinonnal 
No. 


equivalent. 

Salt. Actual, Theoretical. 

Cre. Per cent. Per cent. 
I 2.25 | Barium caprate..... 45-53 48. 64 
II 5. 80 | Barium caprylate. .. 47-18 55.08 
Til 17.32 | Barium caproate.... 64. 67 63.48 
IV 17.36 | Barium butyrate. .. . 76. 07 74-91 
Ay 18. 58 | Barium acetate..... 83. 65 Ol. 37 


A study of the above results shows that the distillate from this variety 
of cheese is essentially a mixture of the volatile acids of milk fat. Capric 
acid is the chief constituent of the insoluble-acid portion. The fact that 
no fraction shows the presence of an acid of a molecular weight between 
capric and caproic indicates that the quantity of caprylic acid is small. 
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QUANTITATIVE ESTIMATION OF THE VOLATILE ACIDS 


The Duclaux method of fractional distillation was employed for the 
quantitative estimation of the volatile acids. 

In order to illustrate fully this method, complete data for one cheese 
will be given. The soluble-acid portion of the distillate from 150 grams 
of this cheese required for neutralization 57.20 c. c. of decinormal barium 
hydroxid, and the insoluble-acid portion, 12.15 c. c. 

The soluble-acid portion was divided into four fractions, which were 
distilled in the order of numbering. The remaining 10 c. c. of one fraction 
was always added to the succeeding fraction before making up to 110 c. c. 
Therefore, the only acids not taken into account would be in the Jast 
10 c. c. of the final fraction. These can be readily calculated, since the 
100 c. ¢. of distillate collected contained all of the caproic, 97.5 per cent 
of the butyric, and 8o per cent of the acetic acid. 

The data for the analysis of the soluble-acid portion are given in 
Table II. A represents the titer of each successive 10 c. c. portion of the 
distillate; B, the sum of these titers; C, the percentage of B in terms of 
the acidity of 100 c. c. of distillate, and D, the corresponding figures calcu- 
lated from the Duclaux constants for the combination of acids indicated. 


TABLE II.—Data for the quantitative estimation of the soluble acids in Roquefort cheese. 


Fracrion I.! 


| | 
Item. | 10¢c.¢. | 20¢.c. | goc.c. | goc.c. | soc.c. | boc. c, qoc.c. | Bc. c. | 90c.¢. | 100¢. c, 


A g,0X |] 2.29] x.71] X.04| 0.7% | 049] 0.34] 0:27] 0.38 0. 14 
B....] 3.01] 5-30] 7-01} 8.05| 8.76] 9.25] 9-59] 9.86] 10.04] 10.18 
Cc -| 29. 57 | 52.06 | 68. 86 | 79. 08 | 86.05 | 90.86 | 94.20 | 96. 86 | 98. 62 | 100. 00 
D....| 29.05 | 49-73 | 67-66 | 78.72 | 86.37 | 91.64 | 94.42 | 96.75 | 98.76 | 100. 00 


Fraction II, 


Aces esuxOn as2Oin 104} 9X, 12 -85 - 65 -47 + 36 -27 -19 
B. 3-10] 5.30] 6.94] 8.06] 8.91 | 9.56] 10.03 | 10.39 | 10. 66 to. 85 
C....}| 28.57 | 48.85 | 63.96 | 74.29 | 82.12 | 88.11 | 92.44 | 95.76 | 98.25 | 100. 00 
D....} 26.18 | 45.70 | 62. 62 | 74.04 | 82. 44 | 88.68 | 92. 44 | 95-69 | 98.24 | 100. 00 


i 


Fraction III? 


2.88 | 2.22 oppel) MAKER IU 9 GGr) - 82 - 65 -5r - 37 +30 
2.88] 5.10] 6.81 | 8.13] 9.15] 9.97 | 10.62 | 11.13] tr.50] 11.80 

-| 24.41 | 43-22 | 57-71 | 68.90 | 77-54 | 84.49 | 90.00 | 94. 32 | 97.45 | 100. 00 
23-45 | 41.64 | 57-49 | 69.00 | 77.87 | 84.85 | 89. 6r | 93.83 | 97.25 | 100. 00 


SO 


152 parts of caproic and 28 parts of butyric acid; 7,33 c. ¢. of caproic and 2.85 c. c. of butyric acid. 

264 parts of caproic and 46 parts butyric acid; 5.86 c. c. caproic and 4.99 c. c. butyric acid. 

2 40 parts caproic, ss parts of butyric, and 5 parts of aceticacid; 4.72 ¢. c. of caproic, 6,49 c. c. butyric, 0.59 
c. ¢, acetic acid. 


> 
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Tasie II.—Data for the quantitative estimation of the soluble acids in Roquefort cheese— 
Continued. 


Fraction Iv.t 


Item. | roc.c. | 20¢.¢. | 30¢.c¢. | goc.c. | soc.c. | 60c.c. | 7oc.¢. | Boc.c.| 90c.¢. | 1oocc. 


16.75 | 31-43 | 44.52 | 55-88 | 65.67 | 74.24 | 8x. 38 | 88.15 | 94.21 | 100.00 


1 yo parts of caproic, 66 parts of butyric, and 24 parts of aceticacid; 2.10 c. c. of caproic, 13.89 ¢. c. of butyric, 
and 5.05 c. c, of acetic acid. 


Calculated for 110 c. ¢.: 2.10 ¢. c. of caproic, 14.25 c. c. of butyric, and 6.31 c. c. of acetic acid. 

Totals for x50 grams of cheese: 20.01 c. c. of caproic, 28.58 c. c. of butyric, and 6.90 c. c. of acetic acid. 

Calculated for 100 grams of cheese: 13.34 ¢. c. of caproic, 19.05 ¢. c. of butyric, and 4.60 c. c. of acetic acid. 

Complete analyses were not made of all the cheeses investigated, and 

for uniformity all results have been calculated to roo grams of cheese. 
Roquefort cheese is very uniform in composition, and the significance of 
the results would in nowise be altered by calculating to dry matter. 
Dox (5, p. 239) made careful analyses of eight brands of Roquefort 
cheese. His results are summarized in Table III. 


Tasie I11.—Summary of the analyses of eight brands of Roquefort cheese. 


| | | 
Degree. Water. | Fat. Protein. | Ash, | Salt. 
Per cent. | Per cent. Per cent. Per cent. Per cent. 
Maximum 40. Io | 33-53 23.25 6. 8 4.50 
MESIAL AEN Sani anis Wee's ela /oisloiess atsre 37-49 gr. 50 19. 94 5-48 3- 64 
AVeFrage: coc ieese eee 38. 61 32.24 21.62 6. 19 4.18 


It is to be noted that the sum of the acids recovered by distillation is 
only 55.49 c. ¢., or 1.71 ¢c. c. less than the original acidity. A loss of 
about this magnitude was always experienced. Part of this loss may be 
due to carbon dioxid in the original distillate which is not completely 
redissolved in the process of repeated distillation; another part of it is 
probably due to decomposition by heat, as observed by Browne (3, p. 
819). There is also a slight loss of acid during evaporation, for the salts 
of the weak organic acids are appreciably hydrolyzed, and an odor of 
the acids can be readily detected above a hot solution neutral to phe- 
nolphthalein. 

Inspection of these data indicates that there was probably a small 
quantity of caprylic acid in the first fractions and a small amount of 
formic acid in the last fraction. These acids, if present at all, were in too 


small quantities to be determined accurately by this method and were 
not entered in the calculations. 
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The foregoing results are regarded as typical of a well-ripened Roque- 
fort cheese. It is to be expected that a mild cheese will have a lower 
volatile acid number and a very ripe cheese a higher one. Analyses of 
the acid distillates of cheeses of differing degrees of ripeness have been 
made and are summarized in Table IV. 


TasLe 1V.—Volatile acids in roo grams of cheese. 


[Acidity in decinormal c. c.] 


Total 5 : _ |Acid num- 

No, | conan ot eae. | vase || Saas | Srapie | ye | ase (Ree 
1 | Slightly rip- 

ened)... 2... 2-1) £5.07 2.90 | 12.17 6.85 4.14 TeLON  cielonis tir) 

2 | Well ripened...| 45.09 8.10 | 36.99 | 13-34] 19.05 4. 60 56. 4 

3 | Overripened....} 102.23 | 29.30} 72-93} 30.38] 36.30 6.25 152.6 


For the determination of the insoluble-acid number of 10 grams of fat 
reported in the above table, the procedure of Schmid-Bondzynski * was 
followed. The cheese was digested in warm hydrochloric acid of a 
specific gravity of 1.125 until the fat separated. It was then washed free 
from hydrochloric acid, was dried and filtered clear. A sample of the 
fat was weighed out, dissolved in 95 per cent alcohol, and titrated with 
decinormal sodium hydroxid. The result was calculated to 10 grams 
of fat. 

In order to follow up the increase in acidity of the distillate during 
progressive ripening, about 1 pound of cheese was minced and placed in 
a large bottle. A 50-gram sample was immediately weighed out and 
distilled. The cheese was kept at about 23° C., and on the dates given 
in Table V the mass was thoroughly mixed and other 50-gram samples 
were taken and distilled. During this time the cheese developed no 
abnormal flavors. 


TasBLE V.—Volatile acids in 100 grams of cheese. 


[Acidity in decinormal c. c.} 


Date. Total vola- | Insoluble Soluble Caproic Butyric Acetic 
? tile acids. acids. acids. acid. acid. acid. 

44- 52 8. 64 35-88 12.16 21. 56 2.16 

50. 02 II. 30 38. 72 12.96 21.12 4. 64 

79. 98 22.20 57-78 20. 04 32. 64 5-10 

122, 60 33:20 89. 40 38. 88 46. 20 4. 52 


1 See Barthel, Chr. (2, p. 187). 
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From the data in Tables IV and V and from observations on numerous 
other cheeses, which have been distilled without making complete 
analyses of the distillates, we conclude that a well-flavored Roquefort 
cheese will have a distillation number (c. c. of decinormal alkali to 
neutralize the distillate from 100 grams of cheese) of 30 to 60; one 
showing a slight growth of mold and very little flavor will have a dis- 
tillation number less than 30; and a cheese thoroughly permeated with 
mold and highly flavored will have a distillation number above 60, and 
in extreme cases this number may even exceed 100. 


RELATION OF THE VOLATILE ACIDS TO FLAVOR 


In discussions of the properties of this homologous series of saturated 
fatty acids, a fact of very peculiar interest is commonly overlooked— 
namely, the pronounced changes in taste with increasing molecular 
weight. ‘The lower members are distinctly sour and in dilute solutions 
can not be distinguished from the mineral acids by their taste. This 
sourness diminishes with increasing carbon content and can not be 
detected at all in those containing more than 7 carbon atoms. Valeric 
acid, with 5 carbon atoms, has not only a sour taste but also a distinct 
peppery effect. This peppery effect increases with increasing molecular 
weight and is very pronounced in caprylic and capric acids. The higher 
acids of this series, containing 12 or more carbon atoms, have no 
well-defined taste. ‘Thus, it is seen that the group of acids containing 
from 5 to 10 carbon atoms, which includes the three volatile acids of 
milk fat—caproic, caprylic, and capric—is characterized by this burning 
or peppery effect on the organs of taste. 

Volatile acids have been vaguely connected with the aroma and flavor 
of dairy products by numerous investigators, but to our knowledge the 
peculiar peppery effect of the green-mold cheeses has never been spe- 
cifically attributed to this group of volatile, difficultly soluble acids of 
milk fat. Duclaux (7, p. 288), in a discussion of Cantal cheese, states 
that “The sharp taste of old cheese is in large part due to the fixed fatty 
acids and their salts, which have a burning effect on the palate and 
tongue.” Just what Duclaux meant by “fixed” acids is not quite plain, 
but certainly his observation is applicable only to the volatile acids. We 
believe that the unmistakable similarity between the effect on the gusta- 
tory nerves of well-ripened Roquefort cheese and these volatile acids 
entirely justifies the conclusion that the peppery taste of the cheese is 
due to the accumulation of these acids and their readily hydrolyzable 
salts. 

This explanation is not offered as a solution of the entire problem of 
the flavor of Roquefort cheese. This is rather to be interpreted as an 
endeavor to identify a single prominent component of the flavor and to 
explain its occurrence in the cheese. 
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FORM IN WHICH VOLATILE ACIDS OCCUR 


Another point concerning the relation of these acids to the flavor of 
cheese remains to be considered—that is, the form in which they are 
combined. It is not to be expected that the acids are all in the free state, 
for the proteolysis taking place during the ripening process gives rise to 
ammonia and possibly other basic substances. The exact course of this 
proteolysis has not been determined. In a ripe Roquefort cheese 
examined by Jensen 52.50 per cent of the total nitrogen was water- 
soluble, 23.64 per cent was precipitated by phosphotungstic acid, and 
4.99 per cent was in the form of ammonia. This is in accord with 
unpublished data of Dox,' who made a separation of the different classes 
of nitrogenous products by the method of Van Slyke and Hart (15, p. 
150). For a prime Roquefort he gives the distribution of nitrogen as 
follows: In caseoses, 10.7; in peptones, 8.6; in amino acids, 29.1; in 
ammonia, 6.1; insoluble, 45.5. Dox (6, p. 423) has, furthermore, iden- 
tified tyrosin among the amino acids. The work of these investigators 
indicates that probably all of the hydrolytic cleavage products of para- 
casein are to be expected in a ripe Roquefort cheese. 

Every Roquefort cheese examined in the laboratory of the Dairy 
Division has been decidedly acid to both litmus and phenolphthalein. 
The exact amount of acidity is difficult to measure, for such a complex 
mixture of weak acids and bases can not be accurately titrated. Ten 
grams of a well-ripened cheese having a distillation number of 43.9 were 
extracted three times with 50 c. c. of 95 per cent alcohol. This alcoholic 
extract required 57.0 c. c. of decinormal alkali for neutralization. Data 
given by Jensen show that the ammonia is not equivalent to the acidity 
calculated from the distillation number and the acid number of the fat. 
This does not take into account the acidity of the paracasein and amino 
acids. 

It is also to be remembered that the ammonium salts of the weak 
organic acids are so strongly hydrolyzed in an aqueous solution that they 
can not be crystallized from this solvent. However, they can be readily 
prepared by passing dry ammonia into a benzene solution of the acids. 
Ammonium caproate, caprylate, and caprate have been prepared in this 
manner. They are white needlelike crystals which readily give off the 
odor of the respective acids when exposed to the moisture of the air. The 
peppery effect of these salts when placed upon the tongue is quite similar 
to the effect of the free acids, but is less intense. 

From these considerations of the basic and acid substances of the 
cheese it is apparent that caproic, caprylic, and capric acids exist, both free 
and combined, and those combined are in such weak form of combination 
that their characteristic taste is not obscured. 


1 Dox, A. W. Records of the Storrs Agricultural Experiment Station. 
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ORIGIN OF THE VOLATILE ACIDS OF ROQUEFORT CHEESE 


Neuberg and Rosenberg (12, p. 178) have shown that the volatile fatty 
acids may arise from the putrefaction of casein. From 1 kilogram of 
casein they isolated 40 grams of butyric acid, 95 grams of caproic acid, 
5-0 grams of capric acid, and a considerable quantity of valeric acid. 
More recently Neuberg (11, p. 501) has shown that putrefactive bacteria 
produce normal valeric acid from prolin and active valeric acid and 
active caproic acid from isoleucin. Valeric acid has long been consid- 
ered as a putrefactive product, and its occurrence in Limburger cheese 
accounted for in this manner. ' 

The flavor of Roquefort cheese gives no suggestion whatever of the 
products accompanying putrefaction. Since the volatile acids include 
those represented in milk fat from lauric to butyric and in about the same 
proportions as in milk fat, we are led to conclude that they arise from a 
hydrolysis of the fat. 

There is no conclusive evidence that the glycerids of fat are unequally 
attacked by lipolytic enzyms, and if the volatile acids result from a 
hydrolysis of the fat the insoluble acid number of the cheese fat should be 
about proportional to the volatile acid number of the cheese. This is 
shown to be the case in Table IV. 

The biological significance of the small quantity of acetic and possibly 
formic acid present is not clear. However, these may result from a fer- 
mentation of the carbohydrates in the early stages of ripening or may be 
a product of the partial oxidation of higher acids or glycerin by the mold. 


CULTURAL STUDIES OF PENICILLIUM ROQUEFORTI 


No biological study ever reported has shown that any other organism 
than Penicillium roqueforti is essential to the proper ripening of this 
variety of cheese. Some of the proteolysis is to be attributed to the 
rennet, as is the case with all renneted cheeses, and the bacterial flora 
common to milk is responsible for the development of acidity in the curd 
during the early stages of ripening. The hydrolysis of the fat can 
hardly be ascribed to either of these agencies. So to obtain more defi- 
nite information concerning the action of P. roqueforti on butter fat, 
various cultural studies have been made. 

Czapek’s solution, with such modifications as will be specified, was 
sterilized with steam and used for all cultures on liquid media. 

Penicillium roqueforti will grow upon such a solution of inorganic 
salts as this medium contains when cane sugar is wholly replaced by 
pure butter fat, tributyrin, ethyl butyrate, glycerin, butyric acid, or 
ammonium butyrate. ‘Therefore the mold not only has the ability to 
hydrolyze simple esters and triglycerids but also to utilize their constitu- 
entsas sources of carbon. This would presuppose the presence of a lipolytic 
enzym in the organism. Generally, the action of an enzym-containing 
extract of an organism is so much feebler than the action of the living 
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organism that the latter method of study has been adopted as affording 
a truer picture of what the mold actually accomplishes in a ripening 
cheese. 

Penicillium roqueforti was grown upon 100 ¢. c. of Czapek’s solution in 
which cane sugar was replaced by 3 grams of fresh, filtered milk fat. 
After 50 days at about 23° C. dilute sulphuric acid was added to the 
culture until a blue color with Congo red was produced. The solids con- 
sisting of fat and mold mycelium were filtered off, washed with hot water, 
dried at 100° C., and extracted over anhydrous copper sulphate with 
ether in a Soxhlet extractor. The fat of the ether extract was examined 
and gave the results shown in Table VI. 


TaBLe VI.—The effect of the growth of mold on the composition of milk fat. 


Molecular 
Reichert- Acid number weight of 
Condition. Age. Meiss! number | for :0 grams in insoluble 
for 2.5 grams. |decinormale.c.| nonvolatile 
acids, 
| | 
Days. 
RO minoculated . oceans assess ne 50 15. 87 3.20 267.6 
moctiia te Cemeet incites ginauttercic rst + 50 15. 66 157. 40 271.7 


1 Determination made on 1.8688 grams and calculated for 2.5 grams. 


The above data show that the fat of the uninoculated control gave 
constants typical of normal milk fat and consequently had undergone no 
changes, while the fat upon which Penicillium roqueforti had grown had 
been about two-thirds hydrolyzed. ‘The filtrate from the culture con- 
tained no volatile acids, which would indicate that the soluble acids of the 
decomposed fat are consumed completely by the mold, while the insoluble 
acids are much less readily consumed. That other molds attack the 
fatty acids of low molecular weight more readily than those of higher 
molecular weight has been demonstrated by Laxa (9, p. 119). ‘This 
explains the high acid number of the ether extract, for it is evident that 
if all the acids resulting from the hydrolysis of the fat were consumed, 
the ether extract of the mold culture would have been nearly neutral 
and would have shown the Reichert-Meiss! number of normal milk fat. 

The conditions of food supply maintained in a Roquefort cheese would 
be more nearly simulated by growing the mold upon fresh curd than upon 
solids suspended in a liquid medium. Table VI shows the result of the 
action of the mold on the milk fat in such a culture. To 50 grams of 
fresh curd containing about 50 per cent of water 2 grams of sodium 
chlorid were added. (Roquefort cheese contains about 4 to 5 percent of 
sodium chlorid.) The curd was sterilized and inoculated with Penicil- 
lium roquejortt and kept at about 23°C. On the dates designated the 
fat was separated by the Schmid-Bondzynski method and was examined. 
See Table VII. 
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TABLE VII.—The effect of Penicillium roqueforti on the fat of fresh curd. 


5 :, Molecular 
Condition. Ae Ge wecight of the 
for 2.5 grams, | for 10 grams. fatty acids. 
Days 
Uninoculated control. ............. 36 16. 05 2.3 269. 3 
Tnociula tedin iantectss estan sateala ans (Get eos 36 12.74 66. 7 271.3 
D0 Basetaet cle fetscrs ereratactnesy tates seit 85 7. 87 163.7 269. 4 


As in the previous culture on Czapek’s solution, the fat showed decided 
decomposition, but there was only a meager accumulation of soluble and 
volatile acids. A culture at the age of 45 days contained only 0.75 deci- 
normal c. c. of soluble acids in 500 c. c. of distillate. A culture similarly 
grown but in the presence of Bacillus lactis acidi contained only 0.80 
decinormal c. c. of soluble acids in a like volume of distillate. The acid 
number of the fat in both cultures showed that more than one-half of it 
had been hydrolyzed. 

Just why these acids accumulate in a cheese but not in a culture grown 
upon green curd is not obvious. The growth of mold in the crevices of 
the cheese is always very scant in comparison with the growth of a culture 
having an unlimited supply of oxygen (Thom and Currie, 14, p. 249). 
The gas within the cheese frequently contains less than 5 per cent by 
volume of oxygen. This very limited supply of oxygen may hinder the 
metabolic functions of the mold and prevent the complete oxidation of 
butyric and caproic acids. 

Another explanation, and to the writer this appears the more probable 
one, is to be found in the presence of a water-soluble enzym which diffuses 
beyond the feeding zone of the mold. An examination of a Roquefort 
cheese will always show that the central portion is much more open in 
texture and more thoroughly permeated with mold than the outer por- 
tion. In fact, a layer about 2 cm. in thickness next to the rind is almost 
free from mold. This portion, although not so highly flavored as the 
more moldy portion, is always sufficiently ripened to be entirely palatable. 
The inner portion of a very ripe cheese gave a distillation number of 
88.3 and this outer portion, 60. This thorough ripening in portions of 
the cheese where only small and scattered pockets of the mold are visible 
is apparently due to water-soluble enzyms, among which is an active 
lipase. 

ENZYMOTIC STUDIES 

In order to obtain definite proof of the presence of a water-soluble 
lipase, enzymotic studies were made on the mycelium of Penicillium 
roquefortt grown for six days upon Czapek’s solution. Ethyl butyrate 
to the extent of 0.5 ¢. ¢. per 100 c. c. of medium was added. Dox (4, p. 
149) has shown that the addition of a particular substrate to a medium 
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will increase the production of the corresponding enzym. In accordance 
with this principle, the addition of ethyl butyrate should stimulate the 
production of lipase. 

Preliminary experiments were conducted to discover the most active 
preparation of enzym. Three methods were tried: 

(1) The “‘acetonedauerhefe’’ method of Albert, Biichner, and Rapp 
(1, p. 2376). 

(2) Fresh mycelium was triturated with water and powdered glass, 
filtered, and the filtrate used. 

(3) Washed, air-dried mycelium was triturated with dry powdered 
glass and the pulverized mixture used. 

On tributyrin in water, blue with litmus, and with toluene as anti- 
septic, the ‘‘dauer’’ preparation gave no pink in six days, the water 
extract showed slight acidity in six days, and the fresh powdered 
mycelium showed a distinct acidity in 24 hours. Controls of boiled 
enzym preparations showed no acidity in six days. On ethyl butyrate 
made distinctly alkaline with one drop of decinormal sodium hydroxid 
the enzym extract showed acidity in 24 hours and the mycelium powder 
in 4 hours. Controls showed acidity in five days. 

From these preliminary experiments the following conclusions were 
drawn: 

The “‘dauer”’ preparation is unreliable for the study of lipase in the 
mycelium of Penicilliwm roqueforti; a water-soluble lipase can be 
extracted from the mycelium; and the most active preparation is the 
fresh pulverized mycelium. 

A more accurate measure of the activity of the lipase at 38° C. to 40° C. 
was made on tributyrin, triacetin, ethyl butyrate, and ethyl acetate. 
For this study 1 gram of the air-dried mycelium was triturated with 4 
grams of powdered glass, and 0.5 gram of the powder was added to 0.5 c. ¢. 
of the ester in 50 c. c. of distilled water contained in a small Erlenmeyer 
flask. The water was covered with a thin layer of toluene. Boiled 
enzym preparations were used in the controls. The flasks were tightly 
stoppered. At the end of two weeks the solutions were filtered and 
titrated with decinormal barium hydroxid. The results are given in 
Table VIII. 

TasLe VIII.—The action of the lipase of Penicillium roqueforti on esters. 


{Acidity in decinormal c. c.] 


Unboiled Control, 


Ester, Days. boiled 

ster, ays. enzym, caegeae 
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These enzymotic studies show that Penicillium roquejorti is well sup- 
plied with an enzym capable of hydrolyzing both simple esters and 
triglycerids. 

CONCLUSIONS 

The more important conclusions to be drawn from this investigation 
are: 

(1) During the ripening of Roquefort cheese a considerable amount of 
the fat is hydrolyzed. 

(2) Penicillium roqueforti produces a water-soluble lipase, which is the 
chief factor in the accomplishment of the hydrolysis. 

(3) The hydrolysis results in the accumulation of the acids of milk fat 
in both the free and combined forms. 

(4) Of these acids, caproic, caprylic, and capric and their readily 
hydrolyzable salts have a peppery taste and are responsible for the 
characteristic burning effect of Roquefort cheese upon the tongue and 
palate. 
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